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Abstract  
The differences between response scales in number and wording of response options make it hard 
to compare data from survey research and to perform research syntheses. A recent method that we 
have developed to tackle this problem is rooted in the idea that the transition points on a bounded 
continuum, on which verbal response options from a primary scale transit from one point to 
another, for instance from ‘happy’ to ‘very happy’, remain unchanged over time. The idea behind this 
is that although people may change their perception of, for example, their own happiness intensity over 
time, they are assumed not to change the degree of appreciation they attribute to the terms used to label 
response options. This is an important assumption for research syntheses that requires that everything 
remains unchanged, except for the change of interest. It means that if our method is applied to 
measurements at distinct points in time, differences in estimates of the mean and standard deviation can 
be attributed solely to changes in the frequency distributions on the primary scale. In this paper we 
apply the method to happiness and show that it is reasonable to assume that the transition points 
between the response options are stable over time. 
 
Keywords: verbal response scales; comparability; scale transformation; beta distribution; reference 
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1  THE PROBLEM 
  
1.1 Incomparability of survey research 
Survey research is a major tool of the social sciences and builds on responses to questions 
using given response options. There is little uniformity in the survey items, the questions and 
the corresponding response options, which is the result of the many considerations and 
choices that need to be made when designing a questionnaire for survey research (Saris & 
Gallhofer 2007). This limited uniformity reduces our accumulation of knowledge and calls for 
methods to transform ratings on different scales to attain comparable results. In the course of 
time a number of such methods have been developed. The simplest of these is the Linear 
Stretch method, an early version of which was already in use almost a century ago (Hull 
1922). In Linear Stretch the ranks of the response options are stretched to a common range 
from for example 0 to 10 and the sample mean is calculated as the sum of all transformed 
numbers, each of which is weighted with its corresponding relative frequency. At present, the 
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Linear Stretch Method is for example still applied in the World Database of Happiness for 
numerical scales with at least seven points and in the percentage of scale maximum method 
developed by Cummins (1997, 2003). 
 More advanced transformation methods deploy judges to rate the verbal labels of the 
response options on a common numerical scale. We distinguish two variations in these types 
of transformation methods. In the first variation judges are asked to rate the degree of 
appreciation denoted by the labels of verbal response options on a common numerical scale. 
The average rating given to each label is kept fixed for every response scale of which it is 
part. The studies conducted by Jones and Thurstone (1955) and Lodge (1981), and more 
recently the work done by Bălţătescu (2002) and Lim (2008) are illustrative for this variation. 
In the second variation judges assess the points on a common, bounded continuum at which 
verbal response options for a given response scale transit from one to another (Veenhoven 
2008). The mid-interval value between the two transition points of a verbal response is 
adopted as the secondary rating of this response option. 
In all these transformation methods the sample mean is calculated on the basis of all 
ratings of this ‘secondary scale’ in the same way as is done in the Linear Stretch method. This 
sample mean is adopted as the estimator of the mean happiness value of the happiness 
distribution in the population. The variance and standard deviation of the latter distribution 
are estimated accordingly. 
These desired estimators can also be obtained using the Continuum Approach 
(Kalmijn 2010), in which happiness in the population is postulated to be a latent variable with 
a continuous probability distribution function. Within a specified ‘family’ of distributions, the 
one is selected that best fits the transitions points combined with the frequency distribution of 
the primary verbal response scale. Contrary to the methods described previously this method 
is referred to as a non-transformation method, because in this approach no secondary ratings 
are introduced nor is there a relation between the corresponding parameters of the discrete 
sample distribution and the continuous one in the population. We will describe the Continuum 
Approach more comprehensively in Sect. 2 of this paper. 
 
1.2 Introduction of the Reference Distribution Method 
None of the methods mentioned above is effective for solving the incomparability of 
responses from different surveys, due to the non-uniformity of the items used. For a given 
year and a given population, distribution means of responses to similar questions asked about 
the same topic in different representative surveys, estimated after scale transformation should 
be approximately the same irrespective of the primary response scales used: yet this is not the 
case when using the methods mentioned above (DeJonge et al 2014). For this reason, 
DeJonge et al developed the Reference Distribution Method in which 1) a reference 
distribution is used to derive the transition points on a bounded continuum at which response 
options from a primary scale transit from one point to another, for example from ‘happy’ to 
‘very happy’, followed by 2) applying the Continuum Approach to estimate the mean and the 
standard deviation of the best fitting continuous distribution in the population. The 
Continuum Approach is thus applied in the Reference Distribution Method, but it is not that 
method itself.  
One of the basic assumptions of the Continuum Approach is that a variable is 
continuously distributed in the population, whereas in measurements in general a discrete 
scale is used. The specific shape of the continuous distribution can be approximated on the 
basis of the measurements on a discrete primary scale and the transition points on the 
continuum between the response options. 
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1.3 Research question  
When the Continuum Approach is applied to the time series of a survey which has remained 
unchanged over time, the transition points are kept fixed. The idea behind this is that, 
although people may change the perception of the intensity of, for example, their own 
happiness intensity over time, they are assumed not to change the degree of appreciation they 
attribute to the terms used to label response options. This is an important assumption for 
research syntheses that require that everything remains unchanged, except for the change of 
interest. It means that if the Continuum Approach is applied to measurements at distinct 
points in time, differences in estimates of the mean and standard deviation can be solely 
attributed to changes in the frequency distributions on the primary scale. 
Thus our research question was: Is it reasonable to keep the transition points between 
response options fixed when we apply the Continuum Approach? We explore this question 
and answer it in detail in the rest of this paper. 
 
 
2  THE CONTINUUM APPROACH 
 
 In survey research it is common practice to treat variables as discretely distributed and to use 
their ranks to calculate a sample mean and standard deviation, which are adopted as unbiased 
estimates of the corresponding parameters of the distribution in the population. The 
Continuum Approach is an innovative method that diverges from this common practice. 
 
2.1  Happiness: A discretely or continuously distributed variable? 
 The use of discrete scales in survey research is often practically motivated, for example in 
several modes of surveying it is easier to ask a respondent to make a choice from a limited 
number of options than to have them point out an exact individual value on a continuous scale 
that corresponds to their perception. Respondents are asked to answer a closed question with a 
limited number of response options which together make a survey item. The response scales, 
both verbal and numerical, vary in the number of response options available, some including 
only two options, for example ‘yes’ or ‘no’, and others eleven, for example the integer 
numbers from 0 to 10. A more valid approach, as Kalmijn (2010; Ch. VI) argues, is to 
consider the existence of a latent continuous variable underlying the survey variable, the 
distribution of which is estimated using the survey item and the response to it. 
The use of discrete scales explains the variety of response scales that has developed 
over time. This variety limits the comparability of answers to survey questions in general and 
using happiness as an exemplary topic. Kalmijn (2010; Ch. VI) developed the Continuum 
Approach to tackle this comparability problem in combination with the notion that happiness
5
 
is to be treated as a continuous variable.  
 
2.2  Outline of the Continuum Approach applied to happiness 
The Continuum Approach postulates a latent happiness variable in the population, which is 
continuous over the interval [0, 10]. In the case of happiness, a beta distribution is the most 
appropriate to use in the Continuum Approach, due to at least three interesting properties it 
has (Kalmijn et al 2011; p. 509-510) 
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(i) it is a continuous distribution, which makes it suitable as a model for the continuous 
latent happiness variable in the population 
(ii) the random variable has a two-sided bounded domain, which makes it suitable for  
happiness as it is measured using two-sided bounded  primary scales.  
(iii) the distribution has two shape parameters, which makes beta distributions cover a 
wide class of different distribution shapes, including skew distributions, both positive 
and negative.  
We do not know any other distributions with these properties. More generally known 
alternatives as the normal distribution and the logistic distribution are less suitable than the 
beta distribution, among other things because their domain is infinite and because they are 
bell-shaped and symmetric around their mean (Kalmijn (2012), whereas happiness has clearly 
skew distributions (Lee et al 1982, Cummins 2003, Frijters et al 2008, Guven et al 2011). 
The family of beta distributions consists of a series of distributions each member of 
which being characterized by two shape parameters, α and β.  
 
A beta distribution can be expressed using the complete beta function: 
   
(1)                         
 
 
        
 
where the parameters α and β  are positive real numbers.                                                                                                          
 
Given the formula (Eq. 1) the probability density function of the beta distribution on the 
continuum from 0 to 10 can be written as: 
 
(2)                     
                        for          
                                                                           otherwise
  
 
The mean μ and standard deviation σ of a beta distribution with parameters α and β on the 
continuum from 0 to 10 are equal to: 
 
(3)        
 
   
                    
 
(4)       
  
             
 
 
To make this less abstract we give some examples of the probability density functions and the 
cumulative distribution functions for different values of α and β in Appendix A. 
A starting point for the Continuum Approach to happiness is provided by the 
cumulative frequencies of measured happiness on a discrete primary scale and the values on 
the continuum from 0 to 10 at which respondents change their judgment from one to the 
adjacent response option on this primary scale, for example from ‘happy’ to ‘very happy’. On 
basis of the cumulative frequencies and the values on the continuum of the boundaries 
between the response options of the primary scale, the shape parameters α and β of the best 
fitting beta distribution are estimated in the Continuum Approach as maximum likelihood 
estimators. This estimation procedure is described into more detail in Kalmijn (2010; p. 160-
162). There is always a perfect fit in the case of a primary scale with three response options. If 
the number of response options is restricted to only two, then there is no single solution: the 
number of perfectly fitting beta distributions is infinite, and use of the Continuum Approach is 
therefore invalidated. In the case of at least four response options, then in general there will be 
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no perfectly fitting beta distribution and the best fitting solution should be taken. Those who 
are interested in the methodological considerations of the Continuum Approach can find more 
information about it in Kalmijn (2010, Ch. VI) and Kalmijn et al (2011).  
 
 
3  THE REFERENCE DISTRIBUTION METHOD 
 
 Two requirements have to be fulfilled to apply the Continuum Approach. One, the frequency 
distribution of a variable measured on a discrete primary scale must be available. Two, the 
values on a continuum from 0 to 10 at which respondents change their judgment from one to 
the adjacent option of the primary scale need to be determined. We applied the Reference 
Distribution Method to assess these transition values and used the Continuum Approach to 
derive a reference distribution from a numerical scale. 
 
3.1 Outline of the Reference Distribution Method 
The Reference Distribution Method (DeJonge et al 2014) is a method used to determine the 
transition points on a bounded continuum at which response options for a given response 
scale transit from one to another. We will refer to the transition from a response option with 
rank i  (i < k = the number of response options of the verbal scale) to the response option with 
rank i+1 as ‘reference boundary i’; the upper end of the continuum acts as the k-th boundary. 
These reference boundaries follow straightforwardly from the estimated cumulative 
distribution of the reference distribution and the cumulative frequencies for the response 
options in the verbal scale: reference boundary i is equal to the point on the continuum from 0 
to 10 where the value of the cumulative reference distribution is equal to the sum of the 
frequencies corresponding to the response options ranked 1 up to and including i in the 
primary scale. For a detailed description of the Reference Distribution Method see DeJonge et 
al (2014; Ch. 5). In the present paper we restrain ourselves to giving an example of the 
method, describing in Sect. 3.2 how the Continuum Approach can be applied to a discrete 
numerical primary scale to obtain a reference distribution, and in Sect. 3.3 we describe how 
this distribution can be used to apply the Reference Distribution Method to derive the 
reference boundaries. 
 
3.2  The Continuum Approach and discrete numerical scales 
 All accepted items of happiness are gathered in the collection ‘Measures of Happiness’ of the 
World Database of Happiness (Veenhoven 2013b). About half of these are single questions 
which have to be rated on a numerical scale with ten or eleven response options. If the 
number of options of these numerical scales is less than ten, then in three out of four cases the 
number is equal to seven. There are also response scales which are not labelled with numbers 
or text, for example merely consisting of a series of boxes such as  
□□□□□□□□□□ 
When applying the Continuum Approach these scales are treated as quasi numerical by 
assigning a rank to each option. If the Continuum Approach is to be applied to survey items 
with numerical scales, a pragmatic choice to identify the reference boundaries on the 0 to 10 
continuum is to assume that they are equally distanced (Kalmijn 2013). This methodological 
choice for numerical scales has been found to be very useful for providing a basis for the 
Reference Distribution Method. 
We derived a reference distribution from the response to the question: ‘All things 
considered, how satisfied are you with your life as a whole nowadays?’ and an 11-point 
numerical scale from 0 to 10 with the anchor points of the scale labelled by ‘Extremely 
unsatisfied’ and ‘Extremely satisfied’. This item is in the core questionnaire of the European 
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Social Survey (ESS)
6
. Following the description above, we fixed eleven reference boundaries 
0.91 apart, starting at 0.91 for the response option at the lower end of the scale and ending at 
10.0 for the option at the upper end of the scale. We then applied the Continuum Approach to 
these boundaries and the life satisfaction frequency distribution for 2008 in The Netherlands. 
The result is depicted in Fig. 1. 
 
Fig. 1 Best fitting beta distribution to the ESS frequency distribution 2008 
 
 
The parameters of the beta distribution in Fig. 1 are α = 7.92 and β = 2.76, which, according 
to Eq. 3 corresponds to a mean of 7.41. From Fig. 1 it is clear that the estimated beta 
distribution does not fit perfectly to the cumulative frequency distribution on the primary 
scale. Look for example at the response options 8 and 9 of the ESS, which are positioned at 
7.27 and 8.19, respectively, on the 0 to 10 continuum. The beta distribution has a horizontal 
deviation and vertical deviation to the position of both response options. The horizontal 
deviation is equal to -0.21 for option 8 and +0.25 for response option 9. The vertical deviation 
is equal to +6.5% for response option 8 and equal to -6.7% for response option 9. These 
noticeable deviations may have a number of causes, among which the assumed equidistance 
of the response options, and additionally the actual distribution of life satisfaction in the 
population is not likely to be perfectly shaped as a beta distribution. 
 In a similar way we derived a reference distribution for happiness in the population 
from the response to the question: ‘Taking all things together, how happy would you say you 
are?’ on an 11-point numerical scale from 0 to 10 with the anchor points of the scale labelled 
by ‘Extremely unhappy’ and ‘Extremely happy’. This item is also in the core questionnaire of 
the ESS. The reference distribution we found has parameters α = 10.20 and β = 3.33, which 
gives a mean of 7.54. 
 
3.3  Illustration of the application of the Reference Distribution Method 
The best fitting beta distribution described in Sect. 3.2 serves as a reference for the application 
of the Reference Distribution Method to other response scales with an equivalent leading 
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question and a frequency distribution for 2008. The Reference Distribution Method forces the 
cumulative frequency of a verbal scale item into the curve of the reference distribution to 
guarantee that the estimated mean of the verbal scale after this transformation in the reference 
year is equal to the mean of the reference distribution. For example, applying the Reference 
Distribution Method to an item on life satisfaction from the Permanent Onderzoek Leef 
Situatie
7
 (POLS) of Statistics Netherlands with the leading question ‘To what extent are you 
satisfied with the life you currently lead?’ with a 5-point verbal response scale, the frequency 
distribution of the responses to this item in 2008 in The Netherlands is: 
 Extraordinarily satisfied:     8.4% 
 Very satisfied:    35.5% 
 Satisfied:     45.1% 
 Fairly satisfied:      7.6% 
 Not very satisfied:     3.4% 
see Fig. 2. 
The corresponding cumulative frequency distribution is shown on the left side of Fig. 2. To 
the right side of this cumulative frequency distribution, the reference distribution derived from 
the ESS is depicted.  
 The procedure to determine the reference boundaries between the response options of 
the primary verbal scale on the continuum from 0 to 10 is as follows, see also Fig. 2. For each 
response option, a horizontal line is drawn from its cumulative frequency displayed for the 
verbal scale to the point where it touches the reference distribution. At this point the value of 
the reference distribution is equal to the cumulative distribution on the verbal scale. From this 
point down, a vertical line is drawn to the horizontal axis. The value at which the vertical line 
touches the horizontal axis is the position of the reference boundary of the corresponding 
response option. Following this procedure, the reference boundaries for the response options 
on the 0 to 10 continuum are, consecutively, 4.78, 5.73, 7.77, 9.04 and 10.00. 
 
Fig. 2 Illustration of the Reference Distribution Method 
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The reference boundaries and the frequencies measured on the verbal scale can on their turn 
be used as input for the application of the Continuum Approach. 
 
3.4  Application of the Reference Distribution Method to other surveys items fielded in 2008 
For the research question addressed in this paper, we had three other survey items besides the 
POLS item for life satisfaction available, which were fielded in 2008. These were an item on 
life satisfaction from the Eurobarometer (European Commission 2013), an item on happiness 
from POLS
8
 and an item on happiness from the Dutch Household Survey (DHS)
 9
. In the 
same way as we did for the satisfaction with life item from POLS, we applied the Reference 
Distribution Method to the frequency distributions of these items in 2008. For the 
Eurobarometer we used the reference distribution derived from ESS data for 2008 on life 
satisfaction. For the two other items, we used the reference distribution derived from the ESS 
data for 2008 on happiness. The items, their frequency distribution in 2008 and the reference 
boundaries obtained by application of the Reference Distribution Method, are summarized in 
Tables 1 to 3. 
 
Table 1 Eurobarometer life satisfaction 2008 
 “On the whole how satisfied are you with the life you lead?” 
Very           
unsatisfied 
Not very 
satisfied 
Fairly 
satisfied 
Very   
satisfied 
Frequency 0.6% 3.1% 44.8% 51.5% 
Reference boundary 3.69 4.82 7.51 10.00 
 
Table 2 POLS happiness 2008 
 “To what extent do you consider yourself a happy person?” 
Unhappy 
Not very 
happy 
Neither happy 
nor unhappy Happy 
 
Very happy 
Frequency 3.4% 7.6% 45.1% 35.5% 8.4% 
Reference boundary 4.26 5.13 6.05 8.46 10.00 
 
Table 3 DHS happiness 2008 
 “Taking all together, to what extent do you think of yourself as a happy person?” 
Very unhappy Unhappy 
Neither happy 
nor unhappy Happy 
 
Very happy 
Frequency 0.3% 1.6% 16.7% 61.6% 19.7% 
Reference boundary 3.96 4.88 6.53 8.55 10.00 
 
 
4  STABILITY OF THE BOUNDARIES OVER TIME 
 
If the Reference Distribution Method is applied, the best fitting beta distribution in the 
reference year by definition coincides with the cumulative frequency distribution of the verbal 
response scale at the position of the reference boundaries. It is unlikely that this coincidence 
will also occur exactly for the beta distribution that fits best to these reference boundaries and 
the cumulative frequencies of a verbal scale item measured at different moments in time.  
 
4.1  Approach for testing the stability of the boundaries 
We recall from Sect. 3.3, that using the Reference Distribution Method forces the cumulative 
frequency of a verbal scale item in the reference year into the curve of a corresponding 
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reference distribution and leaves us with a set of reference boundaries. As a result the mean of 
the transformed verbal scale in the reference year is equal to the mean of the reference 
distribution.   
The main reason for determining the reference boundaries is that they are necessary 
for the transformation of time series of measurements using verbal scale items into mutually 
comparable means. To achieve this, the Continuum Approach is applied to estimate the best 
fitting beta distribution for each frequency distribution of the time series of a given item and 
the reference boundaries for this item derived from the reference distribution in the reference 
year. In this way we get a series of beta distributions for each item in which every beta 
distribution is based on the same reference boundaries but on a different frequency 
distribution. The reference boundaries are thus kept fixed over time, whereas the frequency 
distributions vary within each time series. In doing so, we implicitly assume that the 
boundaries between the response options are stable over time and that the differences in the 
means after transformation, can be attributed solely to changes in the frequency distributions on 
the same verbal scale. When we use the term ‘stability of the boundaries between response 
options over time’ we mean that if we apply the Continuum Approach to estimate a beta 
distribution which fits best to the cumulative frequencies positioned at the fixed reference 
boundaries for a survey item at different moments in time: 
- the beta distribution that fits best to the frequency distribution of each wave may only 
slightly deviate from the observed cumulative frequencies at the positions of the reference 
boundaries 
- if there is a deviation, its size should not be related to the length of the period between the 
time of measurement and the reference year 
The horizontal and vertical deviation we mentioned in Sect. 3.2 can be formulated more 
formally as follows. 
- The deviation in horizontal direction: for each response option i this is the difference 
between reference boundary i and the position on the continuum where the cumulative 
frequency of the response option is equal to the value of the best fitting cumulative beta 
distribution. We will go into this in Sect. 4.3. 
- The deviation in vertical direction: for each response option i this is the difference 
between the cumulative frequency of the response option and the value of the best fitting 
cumulative beta distribution at the position of reference boundary i. We will go into this in 
Sect. 4.4. 
If for a given measurement both the horizontal deviation and the vertical deviation of the 
estimated beta distribution to the cumulative frequencies of the primary scale when positioned 
on the reference boundaries are small, it means that the estimated beta distribution fits well to 
the measurement on the primary scale. What small in this context means, is a subjective 
judgment.  
 
4.2  Available time series 
For each of the survey items that we mentioned in Sect. 3 we had both the frequency 
distribution of 2008 available, and an entire time series. For the two items from POLS we had 
one frequency distribution for each year in the period 1997-2009. Frequency distributions for 
the DHS item were available for the period 1993-2012. The Eurobarometer item was fielded 
in The Netherlands almost every year for one to four times between 1973 and 2012 (Schmitt 
et al 2008, European Commission 2012a, 2012b and 2013). An overview of the frequency 
distributions for the various surveys is given in Fig. 3, in which the stack diagrams are 
projections of the cumulative frequency distributions on the vertical scale.  
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Fig. 3 Frequency distributions 
 
 
Of all the four items presented in Fig. 3, the frequency distribution of the responses to the 
Eurobarometer item had the most fluctuating pattern over time, by which we mean that the 
share of respondents that select a certain response option largely fluctuated over the time 
period of the survey. The options ‘Fairly satisfied’ and ‘Very satisfied’ were dominant in the 
ratings for each year and regularly changed places over the years with respect to representing 
the highest frequency. The two POLS items showed the least fluctuations over time. The 
cumulative distributions of all items were skewed to the left, which means that they had a 
relatively long tail on the left where there were relatively few observations. Furthermore it is 
worth noting that for the two items on happiness with the most negative formulated options, 
‘Unhappy’ for the POLS item and ‘Very unhappy’ for the DHS item, were nearly never 
chosen by the respondents. 
 We applied the Continuum Approach to estimate a best fitting beta distribution to each 
frequency distribution and the corresponding reference boundaries for each item: for both the 
POLS item on life satisfaction and the POLS items on happiness we thus estimated thirteen 
beta distributions, for the Eurobarometer item which was fielded several times in a year, we 
estimated seventy five beta distributions and for the DHS item twenty. An overview of the 
cumulative frequencies on the primary scales and of the parameters of the best fitting beta 
distributions is given in appendix B. We determined the horizontal deviation and vertical 
deviation to the corresponding cumulative frequency distribution on the primary verbal scale 
for each of these beta distributions. The results are described in Sect. 4.3 and Sect. 4.4. 
 
4.3  The deviation in horizontal direction 
The deviation from the reference boundaries in the horizontal direction is an obvious choice 
of deviation from an intuitive point of view, since it gives insight into the distance between 
the reference boundary and the point on the continuum where the value of the best fitting 
cumulative beta distribution equals the cumulative frequency for a given response option. The 
fluctuations of the horizontal deviation over time for each response option are presented in 
Fig. 4 where the reference boundaries of each item are represented by straight dashed lines. 
Since the value for the reference boundary of the most positively labelled option of each item 
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is, by definition, equal to 10, this trivial boundary is ignored in the analysis of the stability of 
the boundaries. 
 
Fig. 4 Horizontal deviation to reference boundaries 
 
 
The deviation from the reference boundaries in the horizontal direction is the largest for 
cumulative frequencies in the lower tail of the distribution. This has to be attributed to the 
small slope of the cumulative beta distribution in the tail and does not necessarily imply a 
large deviation in the vertical direction as we will show in Sect. 4.4. In line with the low 
fluctuations of the POLS items over time, the horizontal deviations from the reference 
boundaries for these items are most stable. For the Eurobarometer item, the point on the 
continuum where the value of the beta distribution is equal to the cumulative frequency for 
the option ‘Not very satisfied’ is the only one that is positioned to the right of the reference 
boundary for nearly all of the observations over the years. For the other response options of 
this item these points curl around the reference boundaries. Most eye-catching for the DHS 
item, is the horizontal deviation to the reference boundary of the response option ‘Very 
unhappy’ in 1994. This extremity is due to the fact that the response to this option was zero in 
1994. Considering the low frequency at which this option was ticked over the course of time, 
it should be questioned whether it would not be better to combine this option with the option 
‘Unhappy’ in the analysis. This would reduce the effective scale of the DHS item from five to 
four points, but given the low response to both options, it is not likely that this would affect 
the sample mean much. 
The frequency distributions of the horizontal deviations from the reference boundaries 
over the years as presented in Fig. 4, characterized by their average value, and the standard 
deviation and the standard error from this average value are summarized in Tables 4 to 7. As a 
reference we have also included the values of the reference boundaries which we described in 
Sect. 3. Example: the horizontal deviation of the reference boundary to the cumulative 
frequency of the response option ‘Not at all satisfied’ of the Eurobarometer item (Table 5) 
 12 
varies with a standard deviation of 0.164 about an average horizontal deviation of 0.060 with 
a standard error of 0.02.  The horizontal deviation is positive if the value on the 0-10 
continuum where the beta distribution is equal to the cumulative frequency is higher than the 
value of the reference boundary of the corresponding response option.  
 
Table 4 Distribution horizontal deviation POLS life satisfaction item 1997-2009 (13 
waves) 
Indicators Not very satisfied Fairly satisfied Satisfied Very satisfied 
Reference boundary 4.78 5.73 7.77 9.04 
Average horizontal deviation 0.076 -0.002 -0.018 0.016 
Standard deviation 0.057 0.021 0.016 0.013 
Standard error 0.02 0.01 < 0.01 < 0.01 
 
Table 5 Distribution horizontal deviation Eurobarometer item 1973-2012 (75 waves) 
Indicators Not at all satisfied Not very satisfied Fairly satisfied 
Reference boundary 3.60 4.76 7.51 
Average horizontal deviation 0.060 -0.066 -0.003 
Standard deviation 0.164 0.043 0.008 
Standard error 0.02 < 0.01 < 0.01 
 
Table 6 Distribution horizontal deviation POLS happiness item 1997-2009 (13 waves) 
 
Indicators Unhappy Not very happy 
Neither happy   
nor unhappy Happy 
Reference boundary 4.26 5.13 6.05 8.46 
Average horizontal deviation 0.070 0.007 -0.007 0.001 
Standard deviation 0.074 0.036 0.015 0.003 
Standard error 0.02 0.01 < 0.01 < 0.01 
 
Table 7 Distribution horizontal deviation DHS happiness item 1993-2012 (20 waves) 
 
Indicators Very unhappy Unhappy 
Neither happy nor 
unhappy Happy 
Reference boundary 3.96 4.88 6.53 8.55 
Average horizontal deviation 0.091 0.031 0.011 -0.004 
Standard deviation 0.934 0.126 0.026 0.008 
Standard error 0.21 0.03 0.01 < 0.01 
 
On average the horizontal deviation from the reference boundaries is small for all the 
response options of each item. The standard deviation is the largest, with a value of 0.934, for 
the option ‘Very Unhappy’ of the DHS item, which is mainly to be attributed to the zero 
response to this option in 1994. If the horizontal deviation in 1994 for this option is not taken 
into account, the standard deviation would reduce to 0.219. Leaving out the results for 1994, 
would reduce the standard error for the DHS item to 0.050. The relative high standard 
deviation for the horizontal deviation to the response option ‘Not at all satisfied’ of the 
Eurobarometer can be explained by the fact that the cumulative frequency for this option is 
situated in the lower tail of the life satisfaction distribution. In this part of the scale the 
number of respondents to this option is very small: in the Eurobarometer survey usually < 3% 
and often < 1%.  Since the observed relative frequency acts as a weight of the contribution of 
the corresponding response option to the estimated parameters of the population distribution, 
it is acceptable to ignore its effect on the final conclusion. 
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4.4  The deviation in vertical direction 
The deviation of the beta distribution from the primary frequency distribution at the reference 
boundaries in vertical direction gives insight into the extent to which the best fitting beta 
distribution under- or overestimates the cumulative frequency of a response option at the 
position of the corresponding reference boundary. We summarized the vertical deviation of 
the best fitting beta distributions from the cumulative frequencies of each response option of 
all items by their average, and the standard deviation and the standard error from this average 
over the years expressed in percentage points in Tables 8 to 11. Unlike for the horizontal 
deviation from the reference boundaries, there is no reference value to compare the vertical 
deviation of the beta distribution from the primary frequency distribution at the reference 
boundaries. By a positive vertical deviation we refer to an overestimation of the primary 
frequency distribution by the beta distribution and by a negative vertical deviation to an 
underestimation of the primary frequency distribution. 
 
Table 8 Distribution vertical deviation POLS life satisfaction item 1997-2009 (13 waves) 
Indicators Not very satisfied Fairly satisfied Satisfied Very satisfied 
Average vertical deviation 0.38 %pts -0.03 %pts -0.54 %pts 0.31 %pts 
Standard deviation 0.28 %pts 0.26 %pts 0.48 %pts 0.25 %pts 
Standard error 0.08 %pts 0.07 %pts 0.13 %pts 0.07 %pts 
 
Table 9 Distribution vertical deviation Eurobarometer item 1973-2012 (75 waves) 
Indicators Not at all satisfied Not very satisfied Fairly satisfied 
Average vertical deviation 0.22 %pts -0.04 %pts -0.04 %pts 
Standard deviation 0.26 %pts 0.32 %pts 0.22 %pts 
Standard error 0.03 %pts 0.04 %pts 0.03 %pts 
 
Table 10 Distribution vertical deviation POLS happiness item 1997-2009 (13 waves) 
 
Indicators Unhappy Not very happy 
Neither happy nor 
unhappy Happy 
Average vertical deviation 0.08 %pts 0.03 %pts -0.10 %pts 0.04 %pts 
Standard deviation 0.09 %pts 0.18 %pts 0.21 %pts 0.10 %pts 
Standard error 0.02 %pts 0.05 %pts 0.06 %pts 0.03 %pts 
 
Table 11 Distribution vertical deviation DHS happiness item 1993-2012 (20 waves) 
 
Indicators Very unhappy Unhappy 
Neither happy nor 
unhappy Happy 
Average vertical deviation -0.09 %pts 0.07 %pts 0.21 %pts -0.13 %pts 
Standard deviation 0.11 %pts 0.34 %pts 0.52 %pts 0.24 %pts 
Standard error 0.03 %pts 0.08 %pts 0.12 %pts 0.05 %pts 
 
The average vertical deviation of the reference distribution from the cumulative frequencies is 
small for all response options of each item, with a very small standard error. It is worth noting 
here, that when mutually comparing the average vertical deviations for two response options, 
one should keep in mind that these deviations are related to the cumulative frequencies. For 
example, the average vertical deviation for the response option ‘Very satisfied’ of the POLS 
item on life satisfaction (0.31 %pts) is not much smaller than that for the response option ‘Not 
very satisfied’ (0.38 %pts), but relatively speaking, the difference between the two average 
deviations is much larger: the 0.376 percentage points for the option ‘Not very satisfied’ 
corresponded to an on average cumulative frequency of less than  4%, whereas the 0.31 
percentage points for the option ‘Very satisfied’ belonged to an on average cumulative 
frequency of over 90%. Keeping this in mind, the vertical deviations corresponding to the 
response options on the left side of the scale were relatively larger than those corresponding to 
the response options on the right side. 
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To finalize our analysis, we calculated two indicators for the goodness-of-fit of the beta 
distributions. The first of these indicators was the range of the vertical deviation which is 
defined as the absolute difference between the minimum vertical deviation and the maximum 
vertical deviation of the reference distribution from the cumulative frequencies, excluding the 
trivial deviation for the reference boundary at position 10, which, by definition, is equal to 
zero. The second indicator was the weighted absolute deviation, which is equal to the 
weighted average of the absolute vertical deviation for each reference boundary except the 
one at position 10, with the relative frequencies of the corresponding response options as 
weights. The use of these frequencies as weights was an arbitrary choice. Other possibilities 
would be the squares or roots of these frequencies and also the cumulative frequencies. The 
idea behind the weighted absolute deviation is that a large deviation that corresponds to a low 
frequency has a lower impact on the value of the estimated mean than a large deviation that 
corresponds to a high frequency. The range is an indicator that gives insight into whether the 
upper boundaries of all response options are overestimated or underestimated by the best 
fitting beta distribution or whether there is a mixture of over- and underestimations. The 
weighted absolute deviation provides guidance as to the extent to which the deviations affect 
the estimated population means. The range and the weighted absolute deviation of the vertical 
deviation are plotted on the left axis in Fig. 5. The underlying idea of the research question in 
this paper was to make responses to different survey items which aim at measuring the same 
item, here happiness, comparable. Therefore we also included the estimated means for all the 
transformed time series of measurements in Fig. 5, which are plotted on the right axis. 
 
Fig. 5 Range and weighted absolute deviation best fitting beta distribution  
 
 
On average the range over time was small for all four survey items. The average range over 
the years was largest for the POLS item on life satisfaction with a value of 0.72. For this item 
the standard deviation of the average range was also largest with 0.50 percentage points. The, 
in absolute sense, largest range occurred for the DHS item on happiness in 2006 when it was 
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equal to 1.7. Clearly, the range for the reference measurement in 2008 was equal to zero for 
all items. The largest weighted absolute deviation could be observed for the POLS item on 
life satisfaction in 2000 when it was equal to one percentage point. The average weighted 
absolute deviation for this item was equal to 0.46 which was at least twice as large as the 
average for each of the other items. For each item neither the range nor the weighted absolute 
deviation showed a relationship between the size and the distance in time between the 
moment of measurement and the reference year. 
 
 
5  DISCUSSION 
 
The results we found were similar for all the survey items we considered in this paper; for 
each response option for all four items we considered, we found that both the average 
horizontal deviation and the average vertical of the estimated beta distributions to the 
cumulative distributions of the primary scales were small. From this we conclude that the beta 
distributions fit well to the primary distributions. In addition, the standard error of each of the 
deviations was very small. The latter means that the average deviations in both horizontal and 
vertical direction are stable over time. We conclude that these results confirm the implicit 
assumption we formulated in Sect. 4.1 that the boundaries between response options are stable 
over time and that the differences in transformed means can solely be attributed to changes in the 
frequency distributions on the primary scale. 
We need to remark that we used the range of the vertical deviation and the weighted 
absolute deviation between the cumulative frequency of the primary scale and the value of the 
best fitting beta distribution at the position of the reference boundary as goodness-of-fit 
indicators. Future research is necessary to validate these indicators or to develop better ones. 
We only studied results of survey items fielded in The Netherlands, where the average 
level of happiness has shown little change over time. To generalize our conclusion about the 
stability of the reference boundaries between response options, further research into the 
stability of the boundaries is required for other countries such as Greece, where the average 
level of happiness has recently undergone a large change. 
When the Reference Distribution Method is applied, the estimated population mean of 
the reference distribution serves as a reference value for a comparison of the means estimated 
using the Continuum Approach to other survey items and other years of measurement. This 
reference value should not be considered to be the ‘true’ value of the perception of happiness 
on the continuum from 0 to 10. If another reference distribution is used, the reference value 
may be different. In other words, only population means that are estimated by using the 
Continuum Approach to survey items for which the reference boundaries are derived from the 
same reference distribution, can be compared. 
 
 
6  CONCLUSION 
 
The question we addressed in this paper is whether it is reasonable to assume that the 
positions of the reference boundaries between response options on the continuum from 0 to 10 
are stable over time if the Continuum Approach is applied. We conclude that the answer is 
affirmative, at least in the case of The Netherlands. 
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Appendix A. Illustration of the beta distribution  
  
Fig. 6 Examples of the beta probability density functions and cumulative beta distribution 
functions 
 
 
If α < β, the probability density function is skewed to the right, if α > β the function is skewed 
to the left and if both parameters are equal the function is symmetric about x=5, the abscissa x 
being the happiness value on a 0 to 10 continuum, and the larger the values of α and β, the 
more peaked the density curve and the steeper the cumulative distribution curve. 
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Appendix B Cumulative frequencies and parameters beta distributions 
 
The tables given below contain the frequency distributions of the verbal scales depicted in 
Fig. 3 in Sect. 4.2. The parameters of the reference distribution and the frequency distribution 
for 2008 that has been used to derive the reference boundaries for the response options of the 
scale are given in bold in each table. These values of these fixed reference boundaries are 
given in Sect. 3.3 for the life satisfaction item from POLS and in table 1 to table 3 in Sect. 3.4 
for the three other items. 
 
Table 12 Cumulative frequencies life satisfaction and parameters beta distributions, 
POLS 
 
 
 
 
Year 
“To what extent are you satisfied with the life you currently lead?” 
Parameters best fitting 
beta distribution 
Not very 
satisfied 
Fairly 
satisfied Satisfied 
Very 
satisfied 
Extraor-
dinarily 
satisfied α β 
1997 4.1% 12.4% 58.7% 92.5% 100.0% 7.69 2.81 
1998 3.8% 11.9% 58.1% 92.4% 100.0% 7.83 2.82 
1999 4.0% 12.1% 57.9% 92.1% 100.0% 7.69 2.77 
2000 3.8% 11.7% 57.4% 92.0% 100.0% 7.79 2.78 
2001 3.7% 11.6% 57.2% 92.0% 100.0% 7.80 2.78 
2002 4.1% 12.3% 57.2% 91.5% 100.0% 7.41 2.66 
2003 4.2% 12.4% 57.6% 91.7% 100.0% 7.46 2.69 
2004 4.0% 12.3% 58.2% 92.3% 100.0% 7.66 2.78 
2005 4.4% 13.2% 59.7% 92.8% 100.0% 7.55 2.81 
2006 3.9% 12.1% 58.4% 92.5% 100.0% 7.80 2.83 
2007 3.7% 11.6% 57.8% 92.4% 100.0% 7.94 2.84 
2008 3.5% 11.0% 56.1% 91.6% 100.0% 7.92 2.76 
2009 3.9% 11.6% 54.7% 90.0% 100.0% 7.24 2.50 
 
Table 13 Cumulative frequencies life satisfaction and parameters beta distributions, 
Eurobarometer 
 
 
 
Year Version 
“On the whole, how satisfied are you with the life 
you lead?” 
Parameters best fitting 
beta distribution 
Not at all 
satisfied 
Not very 
satisfied 
Fairly 
satisfied 
Very 
satisfied α β 
1973 ECS73 1.2% 6.6% 61.0% 100.0% 7.52 3.22 
1975 EB3 1.7% 8.3% 64.8% 100.0% 7.19 3.28 
1975 EB4 2.0% 9.0% 64.5% 100.0% 6.76 3.10 
1976 EB5 2.1% 8.5% 58.9% 100.0% 6.11 2.60 
1976 EB6 1.8% 8.1% 60.5% 100.0% 6.61 2.86 
1977 EB7 1.8% 8.1% 62.3% 100.0% 6.87 3.04 
1977 EB8 1.7% 7.4% 56.4% 100.0% 6.33 2.57 
1978 EB9 1.4% 6.5% 54.7% 100.0% 6.57 2.58 
1978 EB10 1.3% 6.3% 54.6% 100.0% 6.74 2.64 
1979 EB11 0.7% 4.5% 54.1% 100.0% 8.03 3.06 
1980 EB13 0.9% 4.9% 53.0% 100.0% 7.49 2.82 
1981 EB15 1.6% 7.1% 55.7% 100.0% 6.39 2.56 
1982 EB17 0.8% 4.8% 54.4% 100.0% 7.79 2.99 
1982 EB18 1.5% 6.6% 52.8% 100.0% 6.27 2.40 
1983 EB19 1.0% 5.9% 59.5% 100.0% 7.79 3.24 
1983 EB20 1.6% 7.6% 60.3% 100.0% 6.86 2.94 
1984 EB21 1.2% 5.9% 54.2% 100.0% 6.94 2.69 
1984 EB22 1.0% 5.3% 53.0% 100.0% 7.18 2.72 
1985 EB23 2.3% 9.0% 60.2% 100.0% 6.08 2.65 
1985 EB24 2.2% 9.7% 65.7% 100.0% 6.65 3.12 
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Table 13 (continued) Cumulative frequencies life satisfaction and parameters beta 
distributions, Eurobarometer 
 
 
 
Year Version 
On the whole how satisfied are you with the life you 
lead? 
Parameters best fitting 
beta distribution 
Not at all 
satisfied 
Not very 
satisfied 
Fairly 
satisfied 
Very 
satisfied α β 
1986 EB25 0.9% 5.5% 58.8% 100.0% 7.99 3.28 
1986 EB26 2.0% 9.2% 65.5% 100.0% 6.88 3.20 
1987 EB27 1.4% 6.8% 58.9% 100.0% 7.09 2.96 
1987 EB28 1.7% 8.1% 63.7% 100.0% 7.10 3.19 
1988 EB29 1.6% 7.0% 55.8% 100.0% 6.48 2.60 
1989 EB31 0.8% 4.7% 51.5% 100.0% 7.41 2.73 
1989 EB31A 1.0% 5.2% 50.0% 100.0% 6.79 2.46 
1989 EB32A 1.0% 5.7% 58.2% 100.0% 7.70 3.14 
1989 EB32B 1.1% 5.8% 56.0% 100.0% 7.30 2.90 
1990 EB33 1.2% 5.7% 52.1% 100.0% 6.74 2.53 
1990 EB340 0.8% 5.2% 58.7% 100.0% 8.16 3.33 
1990 EB341 1.6% 7.1% 55.2% 100.0% 6.32 2.52 
1991 EB350 0.9% 4.7% 49.4% 100.0% 7.11 2.54 
1991 EB36 1.0% 5.3% 52.6% 100.0% 7.07 2.66 
1992 EB370 1.4% 6.0% 50.7% 100.0% 6.28 2.32 
1992 EB371 1.1% 5.5% 53.9% 100.0% 7.17 2.76 
1992 EB380 1.3% 5.8% 49.9% 100.0% 6.33 2.30 
1992 EB381 1.7% 6.5% 48.1% 100.0% 5.61 2.00 
1993 EB390 1.0% 5.3% 52.5% 100.0% 7.06 2.66 
1993 EB40 1.3% 6.1% 54.5% 100.0% 6.84 2.67 
1994 EB410 1.5% 6.5% 53.1% 100.0% 6.33 2.44 
1994 EB42 1.5% 7.3% 60.9% 100.0% 7.10 3.06 
1995 EB431 1.7% 6.9% 52.3% 100.0% 6.02 2.29 
1997 EB471 1.5% 6.5% 53.7% 100.0% 6.43 2.49 
1998 EB49 1.0% 5.6% 56.0% 100.0% 7.43 2.94 
1999 EB520 0.8% 5.2% 62.3% 100.0% 8.83 3.76 
1999 EB521 0.6% 4.0% 54.7% 100.0% 8.68 3.31 
2000 EB530 1.4% 7.8% 68.0% 100.0% 8.09 3.81 
2000 EB541 1.2% 6.2% 55.9% 100.0% 7.00 2.79 
2001 EB551 1.0% 5.2% 52.1% 100.0% 7.09 2.65 
2001 EB561 1.2% 5.3% 47.8% 100.0% 6.37 2.23 
2001 EB562 1.2% 5.8% 53.2% 100.0% 6.80 2.60 
2002 EB571 1.3% 6.2% 55.0% 100.0% 6.82 2.68 
2002 EB581 1.5% 7.7% 63.6% 100.0% 7.35 3.28 
2003 EB601 2.2% 9.0% 60.8% 100.0% 6.16 2.70 
2004 EB620 1.9% 7.9% 56.2% 100.0% 6.05 2.46 
2005 EB634 0.8% 4.7% 52.7% 100.0% 7.62 2.86 
2005 EB642 0.8% 4.7% 52.9% 100.0% 7.60 2.86 
2006 EB652 0.9% 5.2% 55.5% 100.0% 7.69 3.01 
2006 EB661 1.2% 5.5% 50.1% 100.0% 6.57 2.39 
2007 EB672 0.6% 3.8% 49.7% 100.0% 7.95 2.83 
2007 EB681 0.8% 4.4% 48.1% 100.0% 7.11 2.49 
2008 EB692 0.7% 3.9% 48.5% 100.0% 7.92 2.76 
2008 EB701 0.4% 2.8% 46.2% 100.0% 8.64 2.89 
2009 EB711 0.6% 3.9% 50.0% 100.0% 7.93 2.84 
2009 EB712 0.8% 4.5% 49.0% 100.0% 7.17 2.54 
2009 EB724 0.9% 4.7% 49.5% 100.0% 7.06 2.53 
2010 EB734 1.0% 5.3% 52.0% 100.0% 7.03 2.63 
2010 EB742 0.8% 4.4% 47.5% 100.0% 7.02 2.43 
2011 EB753 0.8% 4.5% 49.1% 100.0% 7.18 2.55 
2011 EB754 1.2% 5.2% 45.8% 100.0% 6.08 2.06 
2011 EB763 0.5% 3.2% 46.7% 100.0% 8.15 2.76 
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Table 13 (continued) Cumulative frequencies life satisfaction and parameters beta 
distributions, Eurobarometer 
 
 
 
Year Version 
On the whole how satisfied are you with the life you 
lead? 
Parameters best fitting 
beta distribution 
Not at all 
satisfied 
Not very 
satisfied 
Fairly 
satisfied 
Very 
satisfied α β 
2012 EB773 1.3% 5.8% 50.0% 100.0% 6.34 2.31 
2012 EB774 1.3% 5.5% 44.8% 100.0% 5.76 1.92 
2012 EB782 1.2% 5.7% 52.8% 100.0% 6.83 2.59 
 
Table 14 Cumulative frequencies happiness and parameters beta distributions, POLS 
 
 
 
 
Year 
To what extent do you consider yourself a happy person? 
Parameters best fitting 
beta distribution 
Unhappy 
Not very 
happy 
Neither 
happy nor 
unhappy 
 
Happy 
Very 
happy α β 
1997 0.6% 3.0% 11.2% 79.5% 100.0% 10.52 3.53 
1998 0.5% 2.5% 10.2% 79.6% 100.0% 11.19 3.70 
1999 0.5% 2.9% 11.1% 80.6% 100.0% 10.91 3.70 
2000 0.5% 2.7% 10.5% 79.0% 100.0% 10.82 3.57 
2001 0.5% 2.8% 10.7% 79.5% 100.0% 10.85 3.61 
2002 0.7% 3.3% 11.7% 79.0% 100.0% 10.09 3.39 
2003 0.7% 3.3% 11.7% 79.1% 100.0% 10.10 3.40 
2004 0.7% 3.2% 11.5% 79.3% 100.0% 10.27 3.45 
2005 0.8% 3.6% 12.5% 79.7% 100.0% 9.88 3.38 
2006 0.5% 2.8% 10.7% 79.7% 100.0% 10.91 3.64 
2007 0.6% 3.1% 11.4% 79.0% 100.0% 10.26 3.43 
2008 0.6% 3.0% 10.8% 77.5% 100.0% 10.20 3.33 
2009 0.7% 3.0% 10.7% 75.7% 100.0% 9.77 3.13 
 
Table 15 Cumulative frequencies happiness and parameters beta distributions, DHS 
 
 
 
 
Year 
Taking all together, to what extent do you think of yourself as a 
happy person? 
Parameters best fitting 
beta distribution 
Very 
unhappy Unhappy 
Neither 
happy nor 
unhappy Happy 
Very 
happy α β 
1993 0.1% 1.1% 16.8% 84.4% 100.0% 12.97 4.28 
1994 0.1% 0.7% 12.8% 79.2% 100.0% 13.19 3.94 
1995 0.1% 1.2% 17.0% 83.2% 100.0% 12.28 4.02 
1996 0.2% 1.3% 17.1% 82.7% 100.0% 12.03 3.93 
1997 0.2% 1.4% 17.3% 82.1% 100.0% 11.63 3.79 
1998 0.2% 1.7% 19.5% 84.5% 100.0% 11.57 3.96 
1999 0.2% 1.4% 17.3% 81.7% 100.0% 11.47 3.72 
2000 0.2% 1.7% 21.6% 88.9% 100.0% 12.78 4.66 
2001 0.2% 1.4% 17.0% 81.7% 100.0% 11.66 3.77 
2002 0.1% 1.0% 15.0% 81.2% 100.0% 12.58 3.94 
2003 0.2% 1.6% 16.9% 78.8% 100.0% 10.60 3.34 
2004 0.3% 1.8% 17.9% 79.6% 100.0% 10.35 3.32 
2005 0.2% 1.2% 15.8% 79.8% 100.0% 11.58 3.62 
2006 0.3% 1.9% 20.5% 84.8% 100.0% 11.20 3.89 
2007 0.2% 1.2% 15.4% 78.7% 100.0% 11.35 3.49 
2008 0.3% 2.0% 18.8% 80.1% 100.0% 10.20 3.33 
2009 0.3% 1.8% 18.2% 80.3% 100.0% 10.43 3.38 
2010 0.3% 1.7% 17.9% 80.5% 100.0% 10.69 3.46 
2011 0.4% 2.3% 19.8% 80.4% 100.0% 9.75 3.24 
2012 0.4% 2.0% 17.7% 76.8% 100.0% 9.51 2.97 
 
